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Abstract
Background: The majority of U.S. disease surveillance systems contain incomplete information
regarding socioeconomic status (SES) indicators like household or family income and educational
attainment in case reports, which reduces the usefulness of surveillance data for these parameters.
We investigated the association between select SES attributes at the neighborhood level and
Salmonella  infections in the three most populated counties in Michigan using a geographic
information system.
Methods: We obtained data on income, education, and race from the 2000 U.S. Census, and the
aggregate number of laboratory-confirmed cases of salmonellosis (1997–2006) at the block group
level from the Michigan Department of Community Health. We used ArcGIS to visualize the
distribution, and Poisson regression analysis to study associations between potential predictor
variables and Salmonella infections.
Results: Based on data from 3,419 block groups, our final multivariate model revealed that block
groups with lower educational attainment were less commonly represented among cases than their
counterparts with higher education levels (< high school degree vs. ≥ college degree: rate ratio
(RR) = 0.79, 95% confidence interval (CI):0.63, 0.99; ≥ and high school degree, but no college
degree vs. ≥ college degree: RR = 0.84, 95% CI: 0.76, 0.92). Levels of education also showed a dose-
response relation with the outcome variable, i.e., decreasing years of education was associated with
a decrease in Salmonella infections incidence at the block group level.
Conclusion: Education plays a significant role in health-seeking behavior at the population level. It
is conceivable that a reporting bias may exist due to a greater detection of Salmonella infections
among high education block groups compared to low education block groups resulting from
differential access to healthcare. In addition, individuals of higher education block groups who also
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have greater discretionary income may eat outside the home frequently and be more likely to own
pets considered reservoirs of Salmonella, which increase the likelihood of contracting Salmonella
infections compared to their counterparts with lower levels of education. Public health authorities
should focus on improving the level of disease detection and reporting among communities with
lower income and education and further evaluate the role of higher educational attainment in the
predisposition for salmonellosis.
Background
Salmonella  serotypes are a major cause of global food-
borne infections and are among the leading causes of
foodborne illness. Additionally, Salmonella serotypes are
considered as the second most frequent cause of bacterial
diseases in the United States (U.S.) [1]. Despite efforts to
reduce disease burden associated with Salmonella infec-
tions including improved sanitation and safety, salmonel-
losis remains a major public health problem in the U.S.
[2,3]. Salmonella infections (salmonellosis) accounts for
an estimated 1.4 million cases of illness, including over
100,000 physician office visits [4], 16,000 hospitaliza-
tions, and 600 deaths each year [5].
Efforts to reduce the burden of the disease rely to a great
extent on a clear understanding of its determinants in the
population. Findings from observational epidemiologic
investigations have resulted in the identification of certain
demographic attributes associated with infectious dis-
eases including salmonellosis, such as extremes of age
[6,7], gender, and overcrowding [8]. However, individu-
als' socioeconomic status (SES) (e.g., education attain-
ment, household income, and employment status,) that is
recognized as an important determinant of certain
chronic diseases and conditions [9-12] (e.g., cardiovascu-
lar disease, diabetes, and cancer) has not been extensively
evaluated for its role in the incidence of infectious dis-
eases, particularly Salmonella infections. Limited evidence
exists to explain the influence of SES on the incidence and
distribution of infectious agents in susceptible popula-
tions. A few studies, conducted mainly outside the U.S.,
suggest that economic deprivation at the individual,
household, and community level increases the likelihood
of experiencing certain bacterial [8], parasitic [13], and
viral infections [14]. Despite sharing many common fea-
tures, infectious diseases are not the same, and while use-
ful, the findings of these studies may not apply equally to
all infectious diseases, leaving a need for detailed studies
on individual diseases. This research is an attempt to study
the association between the incidence of Salmonella infec-
tions and neighborhood level socioeconomic attributes,
particularly income and education.
Incomplete information in case reports regarding individ-
ual level socioeconomic indicators like household or fam-
ily income, education attainment, and employment status
in the majority of U.S. disease surveillance systems
reduces the usefulness of surveillance data for these
parameters [15,16]. In addition to socioeconomic data,
the non-mandatory disclosure of racial and ethnic infor-
mation during the disease investigation process, for both
notifiable and non-notifiable diseases or conditions, also
adds to the problem of incomplete information on these
characteristics, restricting their evaluation as potential risk
factors. Our recent work [17,18] examining the associa-
tion between demographic variables and Salmonella infec-
tions in Michigan revealed that a substantial proportion
(43%) of laboratory-confirmed case reports of salmonel-
losis in the statewide Michigan Disease Surveillance Sys-
tem (MDSS) did not contain race and ethnicity
information, thus limiting our ability to study disease var-
iation among racial and ethnic groups. From a public
health standpoint, understanding the interplay of race
with other factors associated with a given disease or con-
dition is very important because reducing health dispari-
ties remains a challenging and current issue for public
health officials. In fact, the Healthy People 2010 initiative
has declared the reduction of racial disparities a primary
public health goal [19].
Investigating the association between socioeconomic
indicators and Salmonella infections, including effects on
the distribution of Salmonella  cases in the population,
may be of limited value from perspective of disease causa-
tion and prevention at the individual level, but its true
value lies from a disease control and prevention stand-
point where it can help guide state and federal public
health officials in determining the focal points of their
interventions. Additionally, identification of group level
risk factors for any given disease or condition using Geo-
graphic Information System (GIS) technology is certainly
less expensive than traditional data collection techniques.
It could prove to be a more cost-effective approach to dis-
ease prevention than focusing on individual level factors.
GIS technology, along with area-based socioeconomic
measures (ABSMs) gathered by the U.S. Bureau of Census
during decennial censuses, could provide a potential solu-
tion in the absence of individual level socioeconomic data
for studying the relation between these variables and the
distribution of disease at the neighborhood or group
level. GIS is a geographic mapping and analysis tool, andInternational Journal of Health Geographics 2007, 6:56 http://www.ij-healthgeographics.com/content/6/1/56
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is capable of integrating large geographic data and linking
it to non-geographic data (e.g., socio-demographic char-
acteristics) [20,21]. We carried out this study using GIS
technology to identify the associations between neighbor-
hood-based socioeconomic characteristics including edu-
cation, income and race and Salmonella  infections in
Michigan between 1997 and 2006.
Methods
Study design and settings
This study is an ecological analysis of the neighborhood-
level socioeconomic and demographic factors and
reported cases of salmonellosis using GIS technology. In
our preliminary analysis of data collected through the
MDSS, about 45% of Salmonella infections cases in Mich-
igan are reported from a tri-county area in southeast Mich-
igan, which contains a large portion of the Metro-Detroit
area. The current analysis was restricted to this tri-county
area that includes Wayne, Oakland, and Macomb Coun-
ties and accounts for about 40% of the total Michigan
population.
Data sources and database development
Variables for the database were collected from the follow-
ing data sources:
i) Michigan Disease Surveillance System
Salmonellosis is included in the Michigan Communicable
Diseases Rule as a notifiable disease [22]. Physicians and
laboratories are required to report cases of salmonellosis
to local health departments (LHDs). LHDs investigate sus-
pected cases of salmonellosis and collect patients' demo-
graphic (age, sex, race, and area of residence) and food
history data for submission to the Michigan Department
of Community Health (MDCH) through the MDSS.
MDSS is a centralized, statewide, web-based database of
reportable diseases. In addition to reporting to MDCH,
LHDs also send patients' clinical specimens to the Bureau
of Laboratories, MDCH for confirmation and serotyping.
Patients' demographic and clinical specimen data are
linked in the MDSS.
ii) United States Bureau of Census
The U.S. Bureau of Census is required by constitution to
conduct a population census every ten years (decennial
census). The most recent census was carried out in April
2000. The Bureau collects data on various socioeconomic
(e.g., household income, family size) and demographic
(e.g., area of residence) attributes from every household in
the U.S. and its territories. Additionally, census data are
available for many levels of geography, including states,
counties, cities and towns, ZIP codes, census tracts, and
block groups. Block groups (prior to 2000, called a block
numbering area) were chosen as the unit of analysis in
this research. A block group, the smallest geographic cen-
sus unit for which census socioeconomic and demo-
graphic data are available for public use, is a subdivision
of a census tract and is defined as a small geographic area
with a population of about 1,000 individuals, which is a
relatively permanent statistical subdivision of a census
tract designed to be relatively homogenous with respect to
population characteristics, economic status, and living
conditions [23].
A database containing SES characteristics and aggregated
number of cases of salmonellosis by block group was
developed using a Microsoft Excel spreadsheet (MS, 2003,
Redmond, WA) and then exported it to ArcGIS (version
9.2) for geocoding.
Geocoding and spatial analysis
Each individual case's residential address was geocoded
using Environmental Systems Research Institute's (ESRI)
ArcGIS software. Geocoding is an automated process
where a GIS will assign geographic coordinates to a given
address based on a reference network of roads that
includes information such as road names, address ranges,
ZIP codes, or other geographic identifiers. The reference
network used was the latest version of StreetMap U.S.A,
which was included with ArcGIS 9.2. The geocoding
engine used the StreetMap U.S.A Composite Locator and
the default program settings for the geocoder were used
(spelling sensitivity score of 80, minimum candidate
score of 10, and minimum match score of 70) during the
automated geocoding process. The case locations were
joined with selected socioeconomic characteristics at the
block group level to study the distribution of salmonello-
sis cases relative to the variables under investigation. The
linked (SES variables and case locations) block group
level data were then imported into SAS software (version
9.1) for data management and statistical analyses.
Data management
Variable selection and transformation
Household
According to U.S. Bureau of Census, a household includes
all the people who occupy a housing unit as their usual
place of residence.
Age
For the analyses, the median age of the block group level
was used. The individual ages used to calculate the
median age at the block group level were obtained from
the 2000 Census and represent a person's age as of April
1, 2000 as reported by the individual and calculated by
their reported birth date.
Education
Education refers to the highest level of schooling com-
pleted in the population aged ≥ 25 years. We categorizedInternational Journal of Health Geographics 2007, 6:56 http://www.ij-healthgeographics.com/content/6/1/56
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block groups into low (largest proportion having no edu-
cation to less than a high school degree), medium (largest
proportion having at least high schooling degree and/or
some college but no four year college degree), and high
educational attainment (largest proportion having at least
a four year college degree).
Household income
Total income of the household is the sum of the amounts
reported separately for wages, salary, commissions,
bonuses, self-employment, and any public assistance or
welfare payments from the state or local welfare office,
including unemployment compensation. We obtained
the median income of households by block group from
the census data. We divided block groups into four groups
based on the quartiles of the distribution of median
income by block group.
Race
Race was self-reported by respondents according to the
race with which they most closely identify. If an individ-
ual did not provide a race response, the race of the head of
the household was assigned. Based on the race informa-
tion in the Census data, we categorized block groups into
predominantly White (where Caucasians were a larger
proportion than other racial groups), predominantly
Black (where African-Americans were a larger proportion
than other racial groups), and predominantly Other
(where racial groups other than Caucasians and African-
Americans, e.g., Middle Eastern, Hispanic, etc., formed the
largest proportion).
Urban, rural, or urban-rural mixed block group
An area consisting of a central place(s) and adjacent terri-
tory with a general population density of at least 1,000
people per square mile of land area is defined as urban
area. Territory, population, and housing units not classi-
fied as urban are referred to as rural. Rural territory could
be in metropolitan or non-metropolitan areas [23]. In our
data, housing units were mainly classified under urban
and few were categorized as rural block groups. Other
block groups had both urban and rural areas and were
classified as urban-rural mixed block groups.
Dependant variable
Laboratory confirmed Salmonella  infections cases of
human origin reported to MDCH via MDSS from January
1, 1997 through December 31, 2006 were included in this
study. The number of reported cases was summed by
block group.
Statistical analysis
Since our outcome variable was 'count of cases' in each
block group, which ranged from 0 to 11 cases, we used
Poisson regression analysis to study associations between
predictor variables and the outcome [24]. Univariate anal-
yses were performed to evaluate associations between
independent variables and Salmonella infections. A multi-
variate model was developed to study the individual effect
of each socioeconomic variable and Salmonella infections
after controlling for potential confounders (median age
and average household size at the block group level).
Measures of association were expressed as rate ratios (RRs)
with 95% confidence intervals (CIs). Besides main effects,
we evaluated the interactions between race and education
and race and income. To account for the difference in the
population sizes of block groups, we used the 'offset'
option in the proc genmod statement of SAS, which
accounts for a denominator when computing the inci-
dence. Additionally, we performed a 'log transformation'
of the block group population using the proc genmod
statement.
It should be noted that socioeconomic characteristics of
any population could not be completely independent of
each other [25]. However use of a multivariate model for
identification of factors that predict differences in rates of
salmonellosis, statistically adjusts for the correlation
among these variables and the effects observed are there-
fore independent of any correlation. A p-value of < 0.05
was considered statistically significant in all analyses.
Ethical considerations
Cases were de-identified (personal identifiers such as
names and residential addresses were removed) and only
group level data were used for this analysis. The maps pro-
vide a visualization of case-density within block groups
and do not represent actual case locations. This study was
reviewed and approved by the Institutional Review Boards
(IRBs) at Michigan State University and MDCH.
Results
The tri-county area of Michigan (Wayne, Oakland, and
Macomb) consisted of 3,604 block groups. To remove
outliers from the dataset and obtain meaningful esti-
mates, we excluded 185 scarcely populated (population <
500) block groups. Among the excluded block groups, 46
were non-residential block groups with zero population.
The total population in the excluded block groups was
55,058, which represents 1.36% of the total tri-county
population. The final analysis was thus performed using
the data on 3,419 block groups comprising a population
of 3,987,885.
Figure. 1 shows the distribution of the cases of salmonel-
losis across Michigan by county. A large number of cases
in Wayne, Macomb and Oakland counties can be seen
when compared to other counties in Michigan. Illustra-
tion of case distribution at the block group level in theseInternational Journal of Health Geographics 2007, 6:56 http://www.ij-healthgeographics.com/content/6/1/56
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three counties does not show any visually distinct case dis-
tribution pattern (Figure 2).
Figure. 3 shows Salmonella incidence per 100,000 popula-
tion at the block group level, and Figures 4 and 5 show the
distribution of block groups by education attainment and
race in Wayne, Macomb and Oakland counties, respec-
tively. These maps show what appears to be grouping
within educational attainment and race. There also seems
to be grouping of block groups by Salmonella infections
incidence, as shown in Figure 3, but it is less clear and not
to the extent seen in Figure 4 and Figure 5. We used the
Salmonella infections cases by county, Michigan Figure 1
Salmonella infections cases by county, Michigan. Distribution of the cases of Salmonella infections by county, Michigan, 
1997–2006.International Journal of Health Geographics 2007, 6:56 http://www.ij-healthgeographics.com/content/6/1/56
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Salmonella infections cases by block group, Michigan Figure 2
Salmonella infections cases by block group, Michigan. Distribution of the cases of Salmonella infections by block group in 
Wayne, Oakland and Macomb counties, Michigan, 1997–2006.International Journal of Health Geographics 2007, 6:56 http://www.ij-healthgeographics.com/content/6/1/56
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Salmonella incidence in Wayne, Oakland and Macomb, Michigan Figure 3
Salmonella incidence in Wayne, Oakland and Macomb, Michigan. Salmonella infections incidence per 100,000 popula-
tion by block group in three counties in Wayne, Oakland and Macomb counties, Michigan, 1997–2006.International Journal of Health Geographics 2007, 6:56 http://www.ij-healthgeographics.com/content/6/1/56
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Education attainment at the block group level in Wayne, Oakland and Macomb, Michigan Figure 4
Education attainment at the block group level in Wayne, Oakland and Macomb, Michigan. Distribution of block 
groups by education attainment at the block group level in Wayne, Oakland and Macomb counties, Michigan.International Journal of Health Geographics 2007, 6:56 http://www.ij-healthgeographics.com/content/6/1/56
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Racial distribution at the block group level in Wayne, Oakland and Macomb, Michigan Figure 5
Racial distribution at the block group level in Wayne, Oakland and Macomb, Michigan. Distribution of block 
groups by race at the block group level in Wayne, Oakland and Macomb counties, Michigan.International Journal of Health Geographics 2007, 6:56 http://www.ij-healthgeographics.com/content/6/1/56
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word 'grouping' and not 'cluster' because these groups
were identified only by visual association and not through
any type of cluster detection routines or algorithms. Addi-
tionally, when the maps from education attainment (Fig-
ure. 4) and race (Figure. 5) were overlaid onto Salmonella
incidence map (Figure. 3) as seen in Figure 6 and Figure 7
respectively, some patterns emerge that support our statis-
tical findings as shown Table 1.
Table 1 shows the results of univariate and multivariate
Poisson regression models. The final multivariate model
revealed that block groups with lower educational attain-
ment were less commonly represented among cases than
their counterparts with higher education levels (< high
school degree vs. ≥ college degree: rate ratio (RR) = 0.79,
95% confidence interval (CI):0.63, 0.99; and high school
degree and above but no college degree vs. ≥ college
degree; RR = 0.84, 95% CI: 0.76, 0.92). Levels of educa-
tion also showed a dose-response relation with the out-
come variable, i.e., decreasing years of education at the
block group level was associated with a decrease in the
incidence of Salmonella infections. Race and area of resi-
dence were not associated with Salmonella infections at
the group level. Moreover, interactions between 'income
and race' and 'education and race' were not statistically
significant.
Discussion
In this study using spatial geo-referenced data, we visual-
ized, explored, and modeled the associations between
selected socioeconomic and demographic attributes from
by the U.S. Bureau of Census and reported Salmonella
infections in three large counties in Michigan. GIS is
emerging as an efficient tool to support the results of tra-
ditional descriptive epidemiology–it allows researchers to
hypothesize meaningful associations from the spatial
data, identify high risk areas, and help guide future
research. We found a concentration of block groups with
a higher proportion of educated individuals in the south-
ern part of Oakland and eastern part of Wayne counties. A
higher incidence of salmonellosis was seen in the block
groups with high education compared to the less educated
block groups (Figure 6). A large grouping of block groups
with a high proportion of African-Americans was found in
the Detroit metropolitan area.
Socioeconomic and demographic indicators can be used
to predict which individuals and communities are at an
increased risk of acquiring infections. Generally, low SES
is an important predictor of several poor health outcomes
including chronic diseases, mental illnesses, and mortal-
ity [11,26]. However, our multivariate model revealed a
higher rate of reported Salmonella  infections in block
groups where a greater proportion of individuals with
high educational attainment resided.
No prior studies using group level data investigated the
relation between SES and salmonellosis. However, using
a spatial analysis technique similar to our study, Green et
al. [27], found a positive association between enteric
campylobacter infections and higher SES status in Mani-
toba, Canada (1996–2004). This greater incidence of
Campylobacter infection for individuals of higher SES sta-
tus compared to their counterparts was partially attributed
to increased opportunities for foreign travel to areas where
Campylobacter  infection is endemic and frequent con-
sumption of food prepared outside the home [27]. Simi-
lar risk factors for Salmonella  infections have been
reported in other individual level epidemiologic investi-
gations [28,29]. In addition to these reported risk factors
for salmonellosis, our findings may be explained in part
by greater access to healthcare for those in the high educa-
tion and income groups, which would increase the detec-
tion of Salmonella cases. Mead et al. [5] stated that only a
small fraction of individuals with Salmonella infection are
diagnosed and reported [30]. It is possible that a large pro-
portion of unreported cases, particularly the relatively less
severe episodes, among residents of low education-block
groups who often do not have health insurance, go unre-
ported because they do not seek medical care that would
lead to specimen collection, diagnosis, and reporting. This
is corroborated by the findings from a recent study that
revealed that cases of acute diarrheal illness ascertained
through laboratory-based public health surveillance differ
systematically from unreported cases by the health insur-
ance factor [30]. Similarly, residents of high education
block groups may seek medical consultation even for mild
to moderate symptoms of enteric infections, including
salmonellosis, thus increasing their likelihood of becom-
ing a reported case. In contrast, individuals in block
groups having low education may tend to ignore mild
symptoms of the disease, resulting in a larger proportion
of unreported cases being missed by the existing labora-
tory-based passive surveillance system.
In addition, individuals of higher education block groups
who also have greater discretionary income may eat out-
side the home frequently and be more likely to own pets
considered reservoirs of Salmonella, which increase the
likelihood of contracting Salmonella infections compared
to their counterparts with lower levels of education. In a
cross-sectional study based on a sample of veterinary hos-
pital clients in Utah about 77% of exotic pet (e.g., ferrets,
lizards, turtles) owners had at least some college educa-
tion and that their mean family income ranged between
$35,000 and $50,000 per year [31]. The limited purchas-
ing power and access to supermarkets and pet stores may
reduce the exposure of lower SES and educational status
populations to foods and pets that are frequently associ-
ated with salmonellosis.International Journal of Health Geographics 2007, 6:56 http://www.ij-healthgeographics.com/content/6/1/56
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Salmonella incidence by education attainment at the block group level Figure 6
Salmonella incidence by education attainment at the block group level. Salmonella infections incidence per 100,000 
population by education attainment at the block group level in Wayne, Oakland and Macomb counties, Michigan, 1997–2006.International Journal of Health Geographics 2007, 6:56 http://www.ij-healthgeographics.com/content/6/1/56
Page 12 of 15
(page number not for citation purposes)
Salmonella incidence by race at the block group level Figure 7
Salmonella incidence by race at the block group level. Salmonella infections incidence per 100,000 population by race at 
the block group level in Wayne, Oakland and Macomb counties, Michigan, 1997–2006International Journal of Health Geographics 2007, 6:56 http://www.ij-healthgeographics.com/content/6/1/56
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Since income and education generally have a strong posi-
tive correlation [25], which is shown in our data as well
(p-value < 0.01), we expected a similar effect of income on
the rate of Salmonella infections at the block group level.
However, in our final Poisson regression model, levels of
income at the block group level did not demonstrate a
consistent dose response gradient with the outcome vari-
able as depicted in the case of levels of education. An
explanation for this observation may be that education
itself has a strong effect on health seeking behavior irre-
spective of the income level – better educated people are
more likely to seek medical treatment than less educated
individuals.
In recent years, racial disparities in healthcare in the U.S.
have been a major focus in epidemiologic research [19].
Although data on African-American and Caucasian differ-
ences in mortality from infectious diseases are available
[32], few studies have investigated differences in food
borne infections between Caucasians and other racial
minorities [33,34]. The incidences of food borne infec-
tions, including salmonellosis, may differ across racial
and ethnic groups due to variations in food preferences,
preparation methods, and handling among racial groups
[33,35]. However limited data exist to delineate specific
food preparation and handling methods responsible for
the acquisition of enteric infections for specific racial sub-
group populations.
In the year 2000, a significantly higher rate of Salmonella
infections among African-Americans compared to Cauca-
sians was reported [36]. In addition, Marcus et al. (2007)
found the highest average annual incidence (1998–2000)
of  Salmonella  serotype Enteritidis in African-Americans
(2.0/100,000), followed by Hispanics (1.2/100,000), and
Caucasians (1.1/100,000) [37]. In contrast to the findings
based on individual level studies, our group level data
analysis did not find an association between race at the
block group level and Salmonella infections.
In accordance with our previous individual level studies
using Michigan data [17,18], we did not find an associa-
tion between Salmonella  infections and urban or rural
block groups. This suggests that populations in both of
these settings are exposed to similar levels of potential
sources of Salmonella infections.
Inherent limitations of GIS based data and our analysis
should be considered when interpreting the results
[20,38]. We used the block group as the unit of analyses,
but analyses based on other census geography (e.g., cen-
sus tract or county) may provide different results. In any
Table 1: SES characteristics and Salmonella infection at the block group level. Socioeconomic and demographic predictors of 
Salmonella infections at the block group level in a tri-county area of Michigan (1997–2006): results of a multivariable Poisson regression 
model. (n = 3,419)
Variable Block groups # (%) Un-adjusted RR (95% CI) Adjusted RR (95% CI)
Education attainment (aged ≥ 25 years) at block group level
College degree and above 581 (16.99) Reference Reference
High school degree, some college education but no degree 2667 (78.01) 0.79 (0.73, 0.86) 0.84 (0.76, 0.92)*
None to less than a high school degree 171 (5.00) 0.74 (0.61, 0.90) 0.71 (0.65, 1.00)*
Annual median household income at block group level (highest 
to lowest)
4th quartile (≥ $ 60,000) 965 (28.22) Reference Reference
3rd quartile ($ 47,000 – < $60,000) 734 (21.47) 0.94 (0.86, 1.35) 0.99 (0.89, 1.10)
2nd quartile ($33,000 – < $ 47,000) 880 (25.74) 0.80 (0.73, 0.88) 0.86 (0.77, 0.97)*
1st quartile (< $ 33,000) 840 (24.57) 0.82(0.75, 0.91) 0.91 (0.79, 1.04)
Race at block group level (based on the largest proportion)
Caucasian, predominantly 2337 (68.35) Reference Reference
African American, predominantly 997 (29.16) 0.87 (0.80, 0.95) 0.94 (0.84, 1.05)
Other, predominantly 85 (2.49) 0.91 (0.73, 1.13) 0.96 (0.76, 1.22)
Area of residence at block group level (based on US Bureau of 
Census definition)
Rural, predominantly 27 (0.79) Reference Reference
Urban-rural mixed 107 (3.13) 1.18 (1.30, 1.80) 1.13 (0.74, 1.74)
Urban, predominantly 3285 (96.08) 1.15 (0.77, 1.74) 1.19 (0.79, 1.78)
*Significant at 0.05 in the adjusted model; RR: rate ratios; CI: confidence interval.
Final Poisson regression model was adjusted for median age, median income, education level, race, and area of residence at the block group levelInternational Journal of Health Geographics 2007, 6:56 http://www.ij-healthgeographics.com/content/6/1/56
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group level data, variations within the group are masked,
limiting researchers' ability to study any differences
within the unit of analysis (in our case block group).
Additionally, the fact that individual level studies usually
utilize more complete data on race and socioeconomic
status cannot be overlooked. Since our study used a group
level analysis, attempts to draw individual level inferences
is inappropriate and may lead to a biased interpretation
(ecological fallacy) [20]. Our case data spanned the years
from 1997 to 2006. However, we used the Census 2000
200 data for analyses in order to approximate a middle
point between the years of the study, which would and
minimize the effects of any population change that
occurred over the study period. The Census data is also the
best freely available, standard, population dataset that
provided robust data on the scale levels that we wished to
conduct our research. As mentioned earlier, we excluded
185 block groups with < 500 population from our analy-
sis. Since population of excluded block groups accounted
for 1.36% of the total population in the three county area,
we believe that exclusion of these scarcely populated
block groups have not effected our results.
The spatial aspects of this study are somewhat limited due
to the scope of the study. Our primary objective was to
study the association between socioeconomic variables
(which were not available in the surveillance database)
and reported cases of Salmonella infections using GIS tech-
nology. It should be noted that the spatial join used in this
study can be done without the use of GIS, however, visu-
alization of the data using maps allows researchers to
examine visual association between the variable of inter-
est and outcome in addition to statistical analyses.
Conclusion
We have used GIS technology to study associations
between SES attributes and salmonellosis in the three
most populated counties in Michigan. Our results suggest
that education may play a significant role in health-seek-
ing behavior and the predisposition for Salmonella infec-
tions at the population level. The results are different from
reported individual level epidemiologic studies that have
found a higher level of foodborne infections among low
education and low income groups. This apparent discrep-
ancy may be explained because individuals of higher
income block groups might eat Salmonella-contaminated
foods more frequently and be more likely to own Salmo-
nella-reservoir pets, which increases the likelihood of con-
tracting  Salmonella  infections compared to their
counterparts with lower levels of education. It is also con-
ceivable that reporting bias exists due to a greater detec-
tion of Salmonella infections among high education block
groups compared to low education block groups. Since
under-reporting is observed mainly in less educated areas,
efforts are needed to increase case detection from such
localities. In addition, this analysis demonstrates that GIS
is a useful tool in epidemiologic research for exploring
associations between neighborhood level characteristics
and the distribution of infectious agents like Salmonella.
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